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Translation of Japanese Reference 
METHOD FOR MEASURING A VOLATILE MATERIAL 
5 Claims 

1 . A method for measuring a volatile material;, comprising the steps of: 
contacting a microorganism electrode with a test solution, 

measuring the rate of decrease in the electric current or the balanced electric current on 
the electrode, and 

1 0 measuring the volatile material by using the proportional relationship between the 

decrease rate of the electric current or the balanced electric current and the concentration of 
volatile material, 

wherein the microorganism electrode comprises a microorganism that catabolizes a 
volatile material and consumes oxygen, and the microorganism is enclosed in between the 
1 5 separating membrane of an oxygen electrode and a membrane that permeates the volatile 
material and covers the separating membrane. 

Detailed Description of the Invention 

The present invention relates to methods for selectively measuring volatile materials 
20 using a microorganism electrode. 

Volatile materials such as ethanol, methanol, acetic acid, and the like have been used as 
raw materials for fermentation. Conventionally, the measurement of such volatile materials in 
fermented liquid has been performed by gas chromatography, semiconductor-type detection 
method, and the like. However, when solutions contains a large amount of non- volatile 
25 materials as in the case of fermented liquid, wastewater and such, non-volatile materials 
accumulate in the column for gas chromatography, making it difficult to perform the 
measurement for long period. In addition, since the equipments tend to be complex, online 
administration is not easy. 

On the other hand, the semiconductor-type detection has a problem in the stability, and 
30 the lack of reliability in use for online administration has been also pointed out. 

Thus, the present inventors carried out dedicated studies on a measurement method that 
is simple, highly stabile and reliable, and suitable for online administration. As a result, they 
developed a method for measuring volatile materials selectively, suitable for the above objectives, 
using a microorganism electrode in which a microorganism that catabolizes volatile materials 
35 and consumes oxygen is enclosed or immobilized in between the separating membrane of the 
oxygen electrode and a membrane that permeates volatile materials and covers the separating 
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membrane. 

Thus, the present invention provides a method for measuring volatile materials by 
contacting the above microorganism electrode with a test solution containing volatile materials, 
measuring the rate of decrease in the electric current on the electrode, and determining the 
5 concentration of the volatile materials in the test solution selectively using a proportional 

relationship between the decrease rate of the electric current and the concentration of the volatile 
material in the test solution. 

The method of the present invention is an extremely simple and novel method that can 
selectively measuring volatile materials in very short time of 2- 1 0 min with excellent 
1 0 reproducibility and stability using no reagent. The method of the present invention will be 
described in detail below. 

Microorganisms used in the present invention may be those able to catabolize a volatile 
material and consume oxygen; for example, yeast such as Trichosporon brassicae and 
Saccharomyces cerevisiae, bacteria such as Brevibacterium flavum ATCC 14067 and 21475, and 
15 a variety of activated sludge, which is a mixture of various microorganisms. 

The membrane that permeates a volatile material is most preferably a silicon membrane, 
but membranes of polyethylene, polybutadiene, polypropylene, polyester, Teflon (registered 
trade mark), and the like may also be used. Specifically, it is preferable to use membranes that 
are capable of selectively permeating dissolved oxygen and the volatile material and that have a 
20 certain degree of permeability, in which the mobility of the volatile material is greater than that 
of dissolved oxygen. 

The oxygen electrode can be either the galvanic type or polarographic type, and may be 
those commercially available. 

The microorganism electrode of the present invention may be made as follows. 

25 First, the above microorganism is cultured in the standard nutrition medium using the 

standard method, isolated from the culture fluid to obtain a microorganism suspension in paste 
form. The microorganism is spread on the separating membrane of the oxygen electrode, and, 
if necessary, supported with nylon mesh or the like, covered with the above membrane that 
permeates volatile materials, and attached to the electrode tightly using rubber bands or the like 

30 to obtain a microorganism electrode as shown in Fig. 1 . 

Fig. 1 illustrates a microorganism electrode using the galvanic-type oxygen electrode. 
Therein, the numbers represent follows: 1. microorganism layer; 2. supporting layer; 3. volatile 
material permeating membrane; 4. separating membrane of the oxygen electrode; 5. platinum 
cathode; 6. aluminum anode; 7. potassium chloride solution; and 8 and 8\ rubber band. 

35 In Fig. 1, in place of the microorganism layer 1, a microorganism-immobilized 

membrane may be used. The microorganism-immobilized membrane may be prepared by 
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immobilizing a microorganism with collagen, polyacrylamide gel, or the like according to the 
standard methods for immobilizing and enclosing enzymes. The membrane may be cut into 
appropriate size, and enclosed. However, since the effect obtained by using the 
microorganism-immobilized membrane is the same, there is no need to use the 
5 microorganism-immobilized membrane. 

The principle of the method of the present invention is explained below. 
The above microorganism electrode is contacted with sample solution containing 
non-volatile materials. The volatile material-permeating membranes such as silicone 
membrane, permeate materials with low boiling temperature such as ethanol, methanol, acetic 

10 acid, lower ketones, and the like, but does not permeate sugars, amino acids, organic acid salts, 
inorganic salts, or the like. The rate of permeation is proportional to the vapor pressure of each 
material. Thus, only oxygen and volatile materials can reach the microorganism layer. Since 
the microorganism catabolizes volatile materials and consumes oxygen concomitantly, the 
concentration of dissolved oxygen near the separating membrane of the oxygen electrode 

1 5 decreases proportionally, resulting in the decrease of the electric current of the microorganism 
electrode. 

It is known that there is a proportional relationship between the rate of decrease in the 
electric current on a microorganism electrode and the concentration of organic materials 
consumed and catabolized by the microorganism. Similarly, the rate of decrease in the electric 

20 current on the microorganism electrode of the present invention is well proportional to the 

concentration of volatile materials in sample solution. Thus, by measuring the rate of decrease 
in the electric current, the concentration of volatile materials can be determined. 

Fig. 2 illustrates an embodiment of the method of the present invention where the 
measurement is carried out continuously. Therein, the numbers represent follows: 1 . 

25 microorganism electrode; 2. rubber packing; 3. flow cell (volume 2-10 ml); 4. magnetic stirrer; 5. 
stirring bar; 6. recorder; 7. air inlet; 8. water (carrier solution) inlet; and 9. sample inlet 

The method of the present invention will be explained in accordance with the system 
shown in Fig. 2. First, as a carrier solution, oxygen-saturated water is flowed through the 
measuring cell (flow cell 6) with a pump. A sample is injected through the inlet 12 using a 

30 sampler with constant intervals of 0.5-2 min for 1 0-20 min. The sample is diluted with the 

carrier solution to an appropriate concentration (0.01-1%), entering inside the flow cell to contact 
with the microorganism electrode 1 . Only the volatile materials and dissolved oxygen in the 
sample in the flow cell can permeate through the volatile material-permeating membrane, 
reaching the microorganism layer, and are catabolized by the microorganism, which 

35 concomitantly consumes oxygen. As the oxygen concentration decreases, the electric current 
on the microorganism electrode decreases, and a peak of the decreased electric current is 
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recorded by the recorder 9 (see Fig. 4). By predetermining the relationship between the 
concentration of materials to be measured and the peak level, the concentration can be 
determined based on the peak level. 

Alternatively, when the method of the present invention is employed in batch mode, the 
5 microorganism electrode may be contacted with sample solution, and the decrease in the electric 
current during a certain period of time (0.5-5 min) or the balanced electric current may be 
measured. When the concentration of dissolved oxygen in sample solution is maintained at a 
constant level during measurement, the electric current will become constant and reach 
equilibrium as the measurement time becomes longer. This balanced electric current or 
10 decrease in the electric current is also proportional to the concentration of volatile materials, and 
thus the concentration can be determined from the decrease in the balanced electric current 

The measurement is preferably carried out under conditions suitable for the activity of 
the used microorganism, and normally carried out at 15-45°C with pH 4,0-8.0. 

Because the reaction of the microorganism is fast, sufficient duration for the contact 
1 5 between the microorganism electrode and sample may be 0.5- 1 0 min. This short time for the 
contact not only shorten the time required for measurement but also enables less contamination 
of the microorganism electrode, thus enabling its use for long time. 

When measuring acetic acid by the method of the present invention, an acidic pH (pH 
4.0 or lower) may be used to facilitate simple measurement. Moreover, some microorganisms 
20 can be used to distinctively measure ethanol or methanol, and furthermore, gaseous components 
such as methane and hydrogen can be analyzed. 

As described above, the present invention provides an excellent method for selectively 
determining the concentration of volatile materials in fermented liquid or wastewater, which 
contains a large amount of non-volatile materials. 

25 

[Example 1] 

One loopful of microbial cells of Trichosporon brassicae CBS6382, which has been 
slant-cultured on Potato Dextrose Agar medium (pH 6.0) at 25°C for 3 days, was spread on a 
Millipore filter with 10 mm diameter. The filter was attached on the separating membrane of 
30 the galvanic type oxygen electrode, covered with silicone membrane (silicone film for DCO2 
sensors, Radiometer, Copenhagen), and fixed on the electrode using rubber bands to make a 
microorganism electrode as shown in Fig. 1 . Using this microorganism electrode, a system for 
continuous measurement as shown in Fig. 2 was made, and the following experiments were 
performed. 

35 First, as a carrier solution, dissolved oxygen-saturated water was flowed through the 

system (flow rate at 3.0 ml/min), and the electric current was recorded by the recorder (base line). 
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After the base line became stable, ethanol solution of a defined concentration was injected 
through the sample inlet continually with 30 min intervals (pulse width, 1 .5 min). In Fig. 3, the 
vertical axis shows the peak level of the decreased electric current, and the horizontal axis shows 
the concentration of ethanol in the flow cell. As shown in Fig. 3, the ethanol concentration was 
5 well proportional to the peak level. 

The effect of glucose was examined by injecting ethanol, glucose and ethanol, and 
glucose solution sequentially in the same way as described above. However, the effect of 
glucose was not observed. 

10 [Example 2] 

Saccharomyces cerevisiae CBS 1 172 was cultured in an flask with shaking at 30°C for 
35 hr using the medium shown below. 



Medium composition (vU 6.0) 


Ingredients 


Content 


Cane molasses 


3.0% (in sugar equivalent) 


KH 2 P0 4 


0.1% 


Corn steep liquor 


0.1% 


Ammonium sulfate 


0.5% 


Magnesium sulfate 


0.05% 



15 

The culture medium was centrifuged to remove the fungi. To the resultant supernatant, 
ethanol was added to make samples with ethanol concentrations of 0. 1-1.0%. These samples 
were applied to the measurement as described in Example 1, and the peak levels of the electric 
current were plotted against the alcohol concentrations in the flow cell which were determined 
20 by gas chromatography. Data were indicated by open circles in Fig. 3. The results in Fig. 3 
indicated that the method of the present invention was totally unaffected by the presence of 
impurities. 

[Example 3] 

25 Sodium acetate was added at the final concentration of 0.4-2.0% to an aqueous glucose 

solution (1 .6%), and the pH of the resulting solution was adjusted to 4.0 using phosphoric acid. 
This solution was injected into the flow cell as described in Example 1 with the pulse width 10 
min, and the output electric voltage was measured. As shown in Fig. 4, there was a linear 
relation between the acetate concentration of samples in the flow cell and the peak electric 
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current on the electrode. 

Brief Description of the Drawings 

Fig. 1 shows a schematic diagram of the microorganism electrode of the present 
5 invention. 

Fig. 2 shows a schematic diagram of the system for measuring volatile materials using 
the microorganism electrode. 

Fig. 3 is a graph showing the relationship between the ethanol concentration and the 
electric current on the electrode in the pure system. 
1 0 Fig. 4 is a graph showing the relationship between the acetate concentration and the 

electric current on the electrode. 

[Fig. 1] 




[Fig. 2] 
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[Fig. 4) 
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